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A monolayer of cetylpyridinium (chloride (CPC) is formed on bentonite surface at saturation
adsorption. Total surface area of bentonite calculated from the monolayer capacity accounts
for only 45% of the theoretical value. External surface area determined from the adsorption
of CPC comes close to the anticipated value. About 56% of the quantity of surfactants adsorbed
at monolayer coverage is bound to the charge sites, while the rest on the hydrophobic part of
the surface. Adsorption before and after the saturation of the cation exchange capacity (CEC)
is brought about by forces that are almost entirely electrical or entirely hydrophobic respectively.
Surfactants are adsorbed in the associated form above the CEC of clay. A method for determin-
ing the CEC of bentonite by studying the conductance behaviour of the equilibrium solutions in
adsorption experiments has been developed.
SPECIFIC surface areas and cation exchangecapacities (CEC) of soils and soil clays aretwo most important factors in determining
many of the soil colloidal behaviour. Greenland
and Quirck1,2 studied the adsorption of cationic
surfactants on clays and soils and used the data
for calculating the specific surface areas", They
compared the specific surface areas thus calculated
with those obtained by other methods. However,
the calculation of the above quantities from the
adsorption data demands a clear understanding
of the nature of adsorption of the organic sorbates
as well as their orientation' in the sorbed state.
Failure to take account of these factors led to di-
vergent and rather confusing values of the CEC
and surface areas calculated from sorption data
with organic materials, particularly the dyestuffs=".
Quaternary nitrogen compounds are often pre-
ferred because of their strong attraction" for the
negative charge sites of clays. Basic dyestuffs
are popular due to their ease of estimation colori-
metrically.
In the present work adsorption of cetylpyridinium
chloride (CPC) and cetyltrimethylammonium bro-
mide (CTAB) on a sodium-bentonite has been studied
primarily to understand the nature of sorption.
It was suggestedt? that these surfactants utilize
both their polar head as well as their hydrophobic
part in the adsorption procedure. The flocculation
behaviour of an originally peptized clay suspension
with increasing addition of surfactants was explained
by suggesting first an exchange reaction leading
to complete neutralization of the surface charge
and a subsequent hydrophobic bonding of excess
molecules with their polar groups projected away
from the surface.
In our experiment we have directly measured
the adsorption of CPC and CTAB at different sur-
factant concentrations and tested if the data fit
the Langmuir's monolayer model. No attempt
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has been made to compare the surface area computed
from the data with those obtained by other methods.
So far there has been no dependable procedure
to calculate the CEC of clays by organic cation
exchange method. Although recently the efficacy
of the methylene blue adsorption method for the
calculation of CEC has been acknowledged-", the
range of its application is rather limited-''. By
measuring the specific conductance of the solutions
after adsorption we have located the point of total
replacement of the exchangeable cation by organic
cations. A very good idea of the exchange capacity
is thus obtained and compares well with the value
given by standard inorganic ion exchange method.
Evidence of any molecular adsorption, apart
from the cationic exchange, has also been elicited
by measuring the chloride concentration in the
supernatant.
Materials and Methods
The sample of bentonite (Code No. Pd/500),
obtained from the Calcutta Mineral Supply Corpo-
ration, Calcutta, was dispersed in water and particles
of size less than two microns were isolated by usual
method. The separated colloidal particles were
converted into sodium form by repeated treatment
with 2N NaCl solution, washed with deionized water
and finally rendered chloride-free by dialysis. A
2·5% well-dispersed clay suspension was utilized
for subsequent work.
The sample of cetylpyridinium chloride mono-
hydrate (CPC, H20; E. Merck) was free from any
pyridine contaminant. The purity of the sample
was confirmed by conductometric titration of the
chloride content against a standard AgN03 solution.
Cetyltrimethylammonium bromide (CTAB; BDH)
was similarly tested. No further purification was
considered necessary. Both the surfactants were
dissolved in warm water causing as little foam as
possible. Clay percentage was determined by
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evaporating a known volume of clay suspension
in petridishes and. weighing the residue.
The CEC was determined first by converting the
clay into Ca-form and then determining, by EDTA
titration, the total amount of Ca2+ ionIa-Is liberated
from a known amount of it by 2N ammonium
acetate solution.
Portions (5 ml each) of clay suspension were
mixed with increasing volume of CTAB or CPC
solutions separately. The concentrations of the
surfactants were kept constant at 1·04 X 10-4M
by dilution. The mixtures were allowed to stand
overnight at 30°± JO with intermittent shaking.
The specific resistances of the above solutions were
then measured at the same temperature with a
Philips conductance hridge.
A parallel set of experiments was carried out
with identical surfactant concentrations to measure
the adsorption. The contents of the reaction vessels
were separately centrifuged and the supernatant
tested colorimetrically for CP+ ion by van Steveninck
method-s in a Zeiss colorimeter. The adsorbed
CTAB was determined by estimating the nitrogen
content of well washed and vacuum dried clay-
CTAB complexes by Kjeldahl's method. The chlo-
ride content of the supernatants were determined
by conductometric titration with a standard AgNOa
solution.
Results
The adsorption data are presented in Fig. 1 where
the amount of CPC sorbed is plotted against the
amount initially applied for a given amount of
clay. The strict linearity of the Langmuir plot
(Fig. 2) indicates a monolayer adsorption. Sorption
far in excess of normal CEC is observed. The
Langmuir plot gives a value of 148 meq.jl00 g for
the monolayer capacity (X",). Without discrimi-
nating between inner and external surfaces, the
surface area of the clay can be calculated from the
x; value using Eq. (1),
5 = Xm'Am X 6·02 X 10-Zm2g-1 •.. (1)
where Am is the cross-sectional area of the CPC
molecule. We have used for Am the value 27Az
after Greenland et al.". The surface area is thus
found to be 240·4 m2g-l. However, it has been
suggested earlier-? that for a similar three layer
clay with expandable lattice, 70% of the exchange
sites are located on the inner lattice planes and
30% on the external surfaces. The intercalated
molecules will account for a surface area of 54 Aa
each",
The amount of CP+ held is 83 meq.jl00 g (Table 1).
Assuming that 70% of these, i.e. 58 meq./l00 g,
are intercalated h the lattice planes and 30%,
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Fig. 1 - Sorption isotherm of CPC on bentonite
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Fig. 2 - Langmuir plot of CPC sorption data
i.e. 25 meq.JI00 g lie on the external surface, the
problem is how the rest i.e. 65 meq.jl00 g in the
monolayer is distributed between the inner and the
external surfaces.
It is likely that on completion of the ionic sorption,
the hydrophobic part of the intercalated molecules
pulls the opposite planes causing a shrinkage in
the lattice and thus preventing further entry of
molecules. The adsorption in excess of CEC should
thus be attributed primarily to the external surface.
The modified surface area computed on this basis is
5=(58 x54+90x27) x6'02x 10-2 m2 g-1=334 m2 g-l
It is not possible from the adsorption isotherm
to get an idea of the CEC of the clay, for the isotherms
Surfactant
TABLA1 - CATIONEXCHANGECAPACITY(CEC) OF THE CLAY
Surfactant Surfactant Chloride Surfactant Av. CEC
meq./l00 g sorbed sorbed sorbed in meq./l00 g
clay meq./l00 g meq./l00 g ionic form
(a) (b) (c) (b-c)
87·33 86·59 4·05 82·54 83·1
87·42 85·46 1·72 83·74
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CPC
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are continuous curves, and the phase of ionic ex-
change reaction cannot be distinguished from that
involving hydrophobic bonding. However, the point
of complete exchange of inorganic ions by surfactant
ions could be determined following the flocculation
pattern of the clay suspension. The sedimentation
volume measurement technique-", although interest-
ing, is quantitatively inadequate. The total replace-
ment of the inorganic counter ions by the organic
ones marks the maximum shrinkage of the electri-
cal double layer and methods such as potentiometric
measurement, specific conductance determination,
etc. would therefore be more meaningful.
The plots of specific conductance of the equi-
librium solution against the initial surfactant-clay
ratio in the mixture for CPC and CTAB show a
sh':lrp change il!-the gradie~t (Fig. 3) exactly at the
point of maximum specific conductance, which
incidentally agrees with the point of optimum floccu-
lation of the clay suspension. The amount of
surfactant actually bound to the clay surface at
this point is obtained from Fig. 1 and is taken to
be the CEC of the clay (Table 1). The value 83
meq.jl00 g b~ing the average of four replicati~:ms,
agrees well with the CEC value (83 ± 1) determined
by the Ca2+ exchange method.
Analysis of chloride content of the supernatant
shows that some amount of chloride ion is also
sorbed. The more the sorption, the more is the
depletion in chloride in the solution. But at the
flocculation point the amount of chloride removed
is negligible and is virtually nil below this point.
It is interesting to note that the difference between
the amount of total CPC or CTAB sorbed and
the chloride removed at higher adsorption region
comes close to the CEC value of the clay (Table 2).
Discussion
The total surface area (external-l-internal) of the
clay computed from its CEC and lattice dimensions
was found to be 750 m2 g-l. The surface area
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TABLE 2 - AMOUNT or CPC AND CTAB SORBED AND
CHLORIDE REMOVED
Surfactant Total
surfactant
sorbed
meq./l00 g
(a)
86·58
98·01
115·00
85·42
91·31
109·96
Total
chloride
sorbed
meq./l00 g
(b)
4·05
11·96
24·97
1·72
4·30
11·78
Difference
(a-b)
CPC 82·53
86·05
90·03
83·70
87·01
98·18
CTAB
calculated from CPC adsorption data falls for short
of it and accounts for only 45% of the theoretical
value.
This however is not unexpected. While the
average area per ionic adsorption site is about 150 A2,
the cross-sectional area of the CPC molecule is only
27 A2 for the externally held and 54 Aa for the inter-
calated ones.
The external and internal surface areas calculated
from CPC adsorption are 146 m~ g-l and 188 m2g-1
respectively. This external surface area value
compares well with that reported by Greenland
and Quirck3 for a Cs-saturated bentonite (146 m! g-l).
In calculating the surface area all the adsorption
beyond the CEC of the clay has been attributed
to the external surface, and that too not without
reason. Doubts have been expressed-rs earlier in
regard to a total penetration of the interlamellar
spaces by CPC and other surfactant molecules.
Moreover, Cs-saturated bentonite suffers lattice
contraction and offers only the external surface
for adsorption. CP+ ions held in the interlamellar
charge-sites might cause a similar linking of opposite
lamellae by polar head and hydrophobic chain
barring further entry of CPC molecules.
The CPC adsorption procedure is thus inadequate
for calculating total surface area of an expanding
lattice clay. A fair measure of the external surface
area could be obtained however by this procedure.
The earlier works with surfactant adsorption
on clays did ~ot give any satisfactory procedure
for the determination of CEC. Mc Attee and co-
worker18,20 however observed one to one replacement
of Na" ion by dimethyllaurylbenzyl ammonium ion
from a Na-bentonite. This type of exchange was
noted up to 90 meq.jl00 g for a clay with a CEC
of 100 meq.jl00 g.
In the present work a satisfactory value of the
CEC is obtained by combining the adsorption and
specific conductance data (Figs 1 and 3). When
Figs 1 and 3 are studied in conjunction, the surfac-
tant adsorbed at the point of discontinuitv in the
specific conductance diagram is readily obtained.
And this gives the CEC of the clay. Even the
specific conductance curve alone is adequate to
indicate the CEC value, for the error involved is
very small in as much as the point of conductance-
maximum is characterized by almost total removal
of surfactant as cation.
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